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1. INTRODUCTION 


In the last few years mich theoretical and experimental work 
has been done on the electronic and optical properties of micro= 
electronic system whose thickness is of the order of the de Bro- 
glie wavelength of electrons [1]. In such quantum well structures 
the electrons and holes are confined in their motion perpendicular 
to the plane of the active layer, leading to the quantization ef- 
fects. Quantum size effect has been observed in the interband ab- 
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sorption of a number of materials, including Gaal [2], Insb ph]. 
Pbre [5) [6], Pose and Pbs [7], Bi [8) [9]. These materials (except 
GaAs) have a small energy gap Bye Thus correct description of 
the interband transitions has to take into account the mixing of 
the conduction and valence band states (c-v mixing). In the bulk 
erystal this mixing manifests itself in: ` 

(i) nonparabolicity of the conduction and valence band, 

(ii) k-dependence of the interband matrix elements. 

The purpose of this note is to investigate consequences of 
the c-v mixing for the interband matrix eléments in the presence 
of the size quantization. Our approach is very similar to that 
developed in [10] where the intersubband transitions have been 
considered. 


2. ENERGIES AND WAVE FUNCTIONS 


Assume, like in [10] that the two-band effective mass Hamil- 
tonian for determining the envelope function Y and the corresponds 
ing energy Ê has a Dirac-like form 


Y= våp + mv'B + Ulz) P (1) 


where «, and f are 4x4 Dirac matrices, v? = E /(2m), m is 
the isotropic effective mass and U(z) is the slowly varying layer 
potential (the jump of potential at interfaces may be taken into 
account by appropriate boundary conditions for Y [5], [11]). 

From (1)-one finds that effective mass equation may be 
written in the form 


[E- Es/2-Ulo)] 9 


li 


völ, (2a) 


„ [£+Es42-Ult]Y = v3.54, (2b) 


where Y and X are the upper and lower part of the four-component 
function W , respectively. The energy © is measured from the 
middle of the energy gap. 
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To obtain the simple analytical solution of (2) we assume 
that 


E-Eqll GE 10a) 
for the states in the conduction band and 


6 + Eg/2| ŚĆ Lo Gb) 


for the states in the valence band. 

Using the procedure similar to that in the relativistic 
theory [12] One finds the following expression for the electron 
energy in the conduction (c) and valence (v) band: 


Ene (kal =$ E ens (kw) &E9/2 | (4) 


where the energy Eine (Ky ) is obtained from the effective maas 
equation with the "relativistic" corrections 


H' Puls = Eins (Ku) Pina k (UE c.v) (5) 


with 


HY = Ho + Hi = [ ptm) + U'(2)] + 
4 2 
[r + TE 6-(TUW(z)x$) + eG v:U'(z)| (6) 


Here U°(z) = U(z), U%(z) = -U(z), n=1,2,... is the subband 
quantum number, s = +1/ 2 is the spin quantum number and Ku = 
(k, sky 10) = (k,sin?,kycos%,0 ). 

In quantum well the layer potential is usually symmetric. 
Thus each level is doubly degenerated with respect to the spin 


= 
quantum number (E;,,(K,) = Ej, (£u)) and the function Pink, g MY 
be written in the form 


Fa£(7) = gm" Fin(z) s) (7) 
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shere [+£)=(1). |-$)=(2) - 


Note that the function Fiy(z) has a well defined parity. 
The four component eigenvector of Hamiltonian (1) has the 
form 


Ponsa 
len ki 5) = g ; rep 
h- Fenlkal= Mle) 5.5 
4 ‘ 


2mv Rene 5 J 


for the conduction band and 


h- Bale Ula) | 3.8 Sidhe 
lvnkss>= i ©) 


Kaika 


for the valence band. 


Here 
Poni, = (I = Re; Fenikss , (10a ) 
dwnk.: = (i = zi) bo widen, (R) 


We assume that function Pinkes (see eq. (5)) is normalized and 
that the penetration of the wavefunction into the interface bar- 
rier regions may be neglected. 
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3. CONDUCTIVITY TENSOR 


When light is polarized in the x; Popów 8) the power ab- 
w in a quantum well is śrómocikkań to Reor (w) where 

AŻ) is the frequency dependent two-dimensional conductivity 
anti For direct interband transitions 


Recy (w) = 5 (w) (11) 


where 


cy lo) GE) (Ewell) [1-#(Eenlleall): 


kno! 


lenka! E 5( Ennel ka) hea) . (12) 


Here f(E) is the Fermi occupation function, Ean” Ca) = 
e, n=) - EnEn ) and ¥ is the velocity operator which for 
inonBand model is defined by 


¥ = Mi ye | (13) 
op 


Assume for simplicity that the valence band states and conduction 
band states involved in the transitions are completely filled and 
empty, respectively. Since Eon Ku d= Em (Ku ) » we find without 


any difficulty (v) (v) 


M: 


cj, (a) = Man (ka= one) (14) 


where 
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W (kj af Ww. 
nn ü. 9 an'( ka) = 
"A 
= p f dę( (2 2 Kenkaolvi lvi zs (15) 


is the averaged value of the squared velocity matrix element 
and : 


e (= (A Sl Enelk -h)a > E Olioni) 
Taw (a) tusze SE (ku)-kw)=3> | a Gea 


L4 
with «an defined by relation 


czał ku=ku ) = hw (17) 


is the joint density of states between the size-quantized levels 
icn) and Im). &(x) denotes the unit step function, 

In the one band effective mass approximation the expression 
for the joint density of states takes the form 


er w= qr rL 8 (hw ES. (18) 


aw 


riora urias eta „pa? 
where Ry? = Ez + Ep + Em’. The energy Etn is obtained 
from the one band effective mass equation 


(P) 


E AA EE FP. 19) 


Y 
For our purposes it will be sufficient to approximate Jaw (w) 
by j 


8 [hw - Enw (0). (20) 


ja (w) = iat 
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From (8-10) and (13) we find 


Conkuol Fl vn’ kas) = 


(ene | v=} Ean] = amt te galap) Kove) 
= (Feasts |V- wę BI p-d) Fut.) + OCES?) (21) 


In obtaining (21) we have used the relation 6a 5y + Oy Sun =2 YO A 
Inserting (21) into (15) we find 


Mawlku) = Maw ika) + Maw (ka) (225 
where 
Min (ka) = v? |< Fen! Few] - 
(Fen 
|l- burba) SE bia ate, EALO, OlES*) (23) 
and 


Mm (ky)= =f} \ Fenlpsl Fux) (1+5i2) +((E;*) 4 (24) 


For comparison, in the parabolic approximation TG) ac, ) = 


4. DISCUSSION 


Transitions induced by @&*)(") obey, like in the one band 
efective mass approximation, E selection rule An = O;2;4;«:2 
(parity allowed transitions). “Phe conduction and valence band 
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mixing reduces the intensity of the An=0,2,4,... transitions. 
This reduction is order of Ez! and depends on the polarization 
of the light. Equations (11), (14), (20) and (23) show that at 
the threshold for the transitions between the subbands in the 
conduction and valence bands vhose quantum numbers n differ by 
an even integer, therę vill be a step in the absorption spectrum 
(more exactly in GAA (w)). 

The second tem in (22) can be the origin of direct inter- 
band transitions with selection rule An=1,3;55». (parity for- 
bidden transitions). Intensity of these transitions depends upon 
the polarization of the radiation field relative to the direction 
of carrier confinement ae) ya =e) = 2) and is mch smaller 
than intensity of je” pa = = raka Etęgoi Since a0) is pro- 
portional to xê, osa (w) (for 4n=1,3,5,...) increases conti- 
nuously with the photon energy. Thus identification of the parity 
forbidden transitions in the interband absorption will be extre- 
mely difficult. 

We expect that more suitable for the observation of the break- 
ing of the an=0,2,4 selection rule for the interband transitions 
should be the inelastic tight scattering by intersubband excita- 
tion (for details see [13] ). However, we mst remember that our 
results have been obtained in the dipole approximation. If we go 
beyond this approximation the selection rule An even is relaxed 
also in the absence of the c-v mixing. In a quadrupole approxima- 
tion the averaged squared optical matrix element is given by [14]: 


Maw = MA ag Mam (26) 
with 
ratte) 
nw =V Hii Fenlz] Fyre) |? (27) 


where dz is the "z" component of the "effective" wave vector of 
the EM radiation defined by 


ora HO) =F Gj (Vi- Laine ) (28 ) 


Here ¢ and to are the background dielectric constants of the la- 
yer and the ambient phase, respectively, © is the angle of inci- 
dence of the light. 
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In order to have a rough estimation of a ya) for the 
parity forbidden transitions we assume that U(z) = 0, FP} = Fin 
and EL?) = Em. Then, after some manipulation we obtain 


wi 1a) 
Mn (ku) ¥ 4 me? (4+ õi) (Em) i \ 
Mey CE HOV Eg! mEn] ~ 
= pof MEA (1 dis) (Ene / me) A 
z Eglevde #0) LE, | ILmEnn 


ir) zin: 
en" teni 


where Ein’ zjE 
From (27) we see that relative intensity of the transitions in- 
duced by aG2€) and u) very strongly depends on the para- 
meter y= Enn Eg" When y is not too small (y), 0.1) (what 

is usually the case in the narrow band gap semiconductor layer) 
a?) plays a dominant role only if n°Ke /em << TOE” loBa 


at the threshold for |vn> —— |en”> transitions. 
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STRESZCZENIE 


W pracy badano wpływ nieparaboliczności pasm w masywnym 
krysztale na widmo absorpcji międzypasmowej w studniach kwan= 
towych. Obliczenia wykonano w dwupasmowym przybliżeniu masy 
efektywnej. 


PE3 DME 


B paóoTe nCczegoBanoch BAMAHMeE HeNapaOONMYHOCTH 30H B MaC- 
CHBHOM KpMCTANIE HA CNEKTP MEK3OHHOTO NOTNONGHHA B KBAHTOBHX 
AMaX, PACTETH BHNOJHeHH B ABYXSOHHOM HRpMÓJMECGHAM 3DÓeKTUBHOŃ 
MaCCH. 


